Background: The aim of this study was to compare the clinical effects between traditional surgery and minimally invasive periodontal surgery in the treatment of epulis.
Introduction
Epulis, with a tumor-like appearance, is a kind of localized hyperplasia commonly seen in the gingiva. Some studies have indicated that this disease could be caused by low-grade local irritation, traumatic injury, hormonal factors, or some drugs. [1] [2] [3] [4] It has reported 4 cases of epulis arising from cyclosporine in patients with chronic graft versus host disease. [5, 6] In addition, epulis are most likely to occur at the age of 20 years old in women, because the hormone levels of women, such as such as estrogen and progesterone, are easily changed at this stage. [7] The methods to treat epulis depend on its size and position and excisional biopsy is the recommended method for most epulis. However, 2 disadvantages need to be concerned. First, postoperative recurrence should not be ignored. Usually, incomplete resection can lead to the failure to remove local stimulation factors and secondary injury in the surgical area, which will stimulate the tissue hyperplasia. [2, 3] To prevent the postoperative recurrence, radical initial therapy can be used to remove the local microstimulation factors in preoperative phase. Moreover, improving surgical skills leads to complete surgical treatment. Moreover, strict medical orders can contribute to avoiding secondary injury in the surgical area. Second, soft tissue deformity in anterior areas will cause aesthetic defects and the periodontist could not prevent the soft tissue defect. Previous studies reported that tissue engineering could reconstruct human oral mucosa to treat soft-tissue defect after surgery. [8] The retainment of epulis mucosa during the excisional biopsy might be a potential method to reconstruct the normal shape. However, the clinical application still needs to be investigated.
In this study, we tried to explore a new procedure named partial removal periodontal surgery to treat the epulis. The aim of this improved treatment was to avoid soft tissue defect by maximized retention of soft tissue.
Methods and procedures

Patients
A prospective study was performed in our center between October 2015 and September 2016. The inclusive criteria include All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. This study is approved by relevant Ethics Committee.
The datasets used during the present study are available from the corresponding author upon reasonable request.
All authors declare that they have no conflict of interest. diagnosed as fibrous epulis; tooth mobility was less then degree I; without a history of familial gingival hyperplasia. The exclusion criteria include moderate and severe periodontitis; history of pregnancy; taking immunosuppressive agents or calcium channel antagonists; and with a history of familial gingival hyperplasia. Informed written consent and ethics review board approval was obtained.
Surgical procedures
The surgical procedures were divided into the traditional surgery group and minimally invasive periodontal surgery group. In the traditional surgery group, gingival tumor lesions and surrounding 1 mm normal tissues were excised. Therefore, more soft tissue defects could be found from these patients (Fig. 1) . In the minimally invasive periodontal surgery group, the tumor tissues were excised and the epithelial and connective tissues of the tumor were retained. The thickness of the retained tissues was about 0.5 mm. The reserved epithelial tissues and connective tissues were then covered the wound surface (Fig. 2 ).
Clinical parameters and statistical analysis
The postoperative pain index was analyzed by visual analogue scale (VAS). Bleeding index (BI), plaque index (PLI), gingival recession (GR), and papilla filled index (PFI) were also calculated. Statistical Package for Social Sciences version 16.0 (SPSS, Chicago, IL) was used for all statistical analysis and t test and Fisher exact test were used. The P values <.05 were considered statistically significant.
Results
A total of 33 patients including 13 men and 20 women were eligible to participate in this study and then divided into traditional surgery group (n = 15) and minimally invasive periodontal surgery group (n = 18). Age (39.7 ± 1.9 vs 35.3 ± 3.2, P > .05) and tumor size (10.5 ± 1.1 vs 11.4 ± 0.9 mm, P > .05) showed no significant differences between the 2 groups. The BI and PLI were calculated before the operations and the results showed that there were no significant differences between the 2 groups for these 2 indexes (P > .05) ( Table 1) .
After we finished the operations, we recorded the postoperative pain scores and the VAS results showed that the patients of minimally invasive periodontal surgery group suffered a milder pain than traditional surgery group (P < .05) ( Table 2) . Next, gingival retraction (GR) and PFI were also calculated for 2 groups at the 12 weeks after the operations. The results demonstrated that the minimally invasive periodontal surgery could significantly improve GR (2.69 ± 0.48 vs 0.77 ± 0.16 mm, P < .05), PFI (P < .05), and variation of keratinized gingival width (1.08 ± 0.13 vs 3.00 ± 0.28 mm, P < .05) ( Table 3 ). In addition, postoperative satisfaction was also analyzed and minimally invasive periodontal surgery group showed a better result. At last, a 6 months to 2 years follow-up showed that no recurrence was found in all the patients (Table 4 ).
Discussion
Epulis is a localized chronic inflammatory hyperplasia of gingiva, which comes from connective tissue of periodontal ligament and alveolar process. Traditional surgical excision of epulis can lead to soft tissue defects. The histopathological features of the epithelia of fibrous epulis are the continuous inflammation of the Table 1 The characters of patients included in this study.
Control group
Experimental group P Gender Male (7), Female (11) Male (6) connective tissue under the epithelia and the separation of the acanthosis cells from the basal layer cells. [9, 10] Therefore, the different histopathological types for the epithelia and the tumor make it possible to retain the epithelial. In this manuscript, we retained the epithelial and subcutaneous connective tissue of the tumor to produce a suitable cover after the operation and then compared the short-term and long-term therapeutic effects with the traditional method.
Our results indicated that the postoperative pain of the experimental group was significantly less than that of the control group and the difference between the 2 groups was statistically significant. In traditional surgery group, it was necessary to remove the proper normal tissue around the tumor and severe tissue congestion and edema could be caused after the operation. Irritants could easily stimulate the wound and cause pain. Because of the soft tissue defect, the healing of the tissue began with the formation of the surface blood clot. It could cover and protect the wound. The epithelial cells began to crawl from the edge of the wound to the wound 12 to 24 hours after the operation and then form thin skin epithelium to cover the wound for about 2 weeks. The keratinization of the epithelium could be completed for about 4 to 5 weeks after the operation. [11, 12] On the contrary, minimally invasive surgery only removed the lesions of the tumor and the granulation tissue. However, the epithelium and the upper subcutaneous part of connective tissue were retained. The tissue flap was closely sutured after the operation and the stimulation of the intratumoral excision could be avoided. After the operation, the healing period of the experimental group was shorter because of the close coverage of soft tissue. Therefore, the pain of the experimental group was lighter than that of the control group. Moreover, the retention of soft tissue in the gingival tumor area could also be compared by using GR and PFI. As a result, postoperative satisfaction was relatively higher in the experimental group.
It is reported that the recurrence rate after conventional resection is 16%, and reoperation is usually needed after recurrence. [13] The main causes of recurrence are incomplete resection, local irritation residuals, or mechanical damage to the operative area. However, in this study, the cases of gingival tumor resection in the control group and the minimally invasive resection of the gingival tumor in the experimental group were followed for 0.5 to 2 years and no recurrent cases were found. The reasons were all the cases were treated with complete periodontal nonsurgical treatment before operation to eliminate local irritation factors; all the periodontal membrane and proper bone dressing should be completely removed during the operation; and oral hygiene education was performed after the operation to ensure the patient's oral hygiene. Therefore, no recurrent cases were found in both the control group and the experimental group.
To sum, minimally invasive periodontal surgery acquired a better effect compared with the traditional surgery from our study. This method could be used as a potential option for selective patients with epulis. More samples should be included to validate our hypothesis in the future. Table 3 The comparisons of three clinical parameters between experimental group and control group after the surgery. Table 4 The comparison of postoperative satisfaction VAS scoring between experimental group and control group after the surgery.
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